Morphological changes of the aortic valve leaflets in non-compliant aortic roots: in-vivo experiments.
Age-related loss of elasticity of the naturally compliant aortic root disrupts the coordinated function of the valve leaflets. Morphological changes that developed over time in the aortic valve leaflets of non-compliant aortic roots were studied. Stiffening of the aortic roots was achieved in vivo by applying Super Glue around the sinus of Valsalva in 27 New Zealand White rabbits. In nine animals, glue was applied only partially, and eight untreated rabbits served as controls. Histological evaluation of the aortic valves was performed at 8-11 months after surgery, and included immunohistochemistry and confocal microscopy with quantitative tissue assessment. Levels of collagen I, as a main component of fibrosis, and matrix metalloproteinases (MMP)-1 and MMP-9 and angiotensin-converting enzyme (ACE), as regulators of fibrosis, were analyzed. The morphological structure of the aortic valve leaflets was studied, and the length, thickness and area of leaflets were measured. Leaflects in all groups were found to be composed of a continuous layer of collagen fibers at the mural side, and loose connective tissue containing fibroblasts and few capillaries on the aortic luminal aspect. In stiffened aortic roots, the length and area of the leaflets were increased. The area occupied by collagen was elevated in non-compliant aortic root leaflets, but collagen fluorescence intensity was decreased, indicating less densely packed collagen fibers. Degradation and synthesis of collagen as reflected by MMP-1, MMP-9 and ACE levels was up-regulated. Loss of compliance in aortic roots leads to elongation of the leaflets which, combined with a decrease in collagen density, may render leaflets more susceptible to mechanical stress. In time, this may promote the development of degenerative changes in the aortic valve.